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English/Metric Conversion Factors

Length________

TNo
RAN cm m Kmn in ft s mi nmi

Cm 1 0.01 iXIO-5 0.3937 0.0328 6.21x10-6 5.39x 106
M 100 1 0.001 39.37 3.281 0.0008 0.0005

Kmn 100.000 1000 1 39370 3281 0.6214 0.5395
in 2.540 0.0254 2.54x 10- 5 1 0.0833 1.S8x10-5 1.37x10-5
ft 30.48 0.3048 3.05x 10-4 12 1 1.89x00- 1.6400.4
S mi 160.900 1609 1.609 63360 5280 1 0.8688
nmi 185,200 1852 1.852 72930 6076 1.151 1

Area
"NTo

Fro~t Cm2  m2  Km2  in2  ft2  S mni2  nmi2

Cm2  1 0.0001 1110.10 0.1550 .0.0011 3.86x10-11 5.110lO-11
m2  10.000 1 1110-6 1550 ' 10.76 3-86x00-7 5.1 jxi0-
Kmn2  1X1010 1X106 1 1.55x009 1.08x,07 0.3861 0.2914
in2  6.452 0.0006 6.4500.10 1 0.0069 *2.490.-10 1.8800.10
ft2  929.0 0.0929 9.29x0- 144 1 3.5900.8 2.7100.8
S mi2 2.590i010 2-590106 2.590 4.010109 2.79010 7 1 0.7548
ni 2  3.4301010 3.43006 3.432 5.3110 9 3.70x 107 1.325 1

Volume
ToII

Frot, Cm3  Liter Im3  in3  ft3  yd3  ft oz fi Pt Ifl Q1 gal
Cm3  1 0.001 1X10.6 0.0610 3.53xI0-5 1.31 x10-6 0.0338 0.0021 0.0010 0.0002
liter 1000 1 0.001 61.02 0.0353 0.0013 33.81 2.113 1.057 0.2642
in

2  1110w 1000 1 61,000 35.31 1.308 33.800 2113 1057 264.2
id3  16.39 0.0163 1.8400- 1 0.0006 2.14x 10-5 0.5541 0.0346 2113 0.0043
ft3  28.300 28.32 0.0283 1728 1 0.0370 957.5 59.84 0.0173 7.481
yd3  765.000 764.5 0.7646 46700 27 1 25900 1616 807.9 202.0
ft 0z 29.57 0.2957 2.9600-5 1.805 0.0010 3.87x 10-5 1 0.0625 0.0312 0.0078
fl Pt 473.2 0.4732 0.0005 28.88 0.0167 '(.0006 16 1 0.5000 0.1250
fl qt 946.3 0.9463 0.0009 57.75 0.0334 0.0012 32 2 1 0.2500
gal 3785 3.785 0.0038 231.0 .0.1337 .0.0050 128 .8 .4 1

Mass
"'To

Fro g Kg oz lb ton

g 1 0.001 0.0353 0.0022 1.100.-6
Kg 1000 1 35.27 2.205 0.0011
02 28.35 0.0283 1 0.0625 3..12xl0-S
lb 453.6 0.4536 16 1 0.0005
[ton 907.000 907.2 32,000 12000 11

Temperature
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I. INTRODUCTION

The use of certain Industrial Heating Devices (IHD) in manufacturing
poses a possible problem to aeronautical navigation services if the lHD
equipment operates on the same or close to the same frequencies as the
aeronautical service, especially if the leakage RF is sufficiently strong.
This report details an experiment that was conducted to measure actual RF
fields radiated by two ID devices operating in the 190-535 kHz frequency
band. The experiments consisted of measurements based on FCC Part 18 and
CISPR Publication 11 and 11A, in addition to absolute RF field measurements
of emissions above the IHD units chosen. Two methods were used for the
overhead measurements. The first consisted of using a tower to hoist the
measurement antenna over the unit being tested, and recording RF fields for
various azimuth angles relative to the IHD equipment. The second involved
flying overhead the IHD unit with a calibrated antenna and receiver system
on board a light aircraft.

The results of these experiments are presented in this paper. The IHD
equipment measurements were made at the Elite Electronic Engineering open
field test facility in Waterman, Illinois, in October of 1983 [1].

S. . . -. - -. - - - - - - -
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1I. CONCLUSIONS AND RECOMMENDATIONS

A. Conclusions.

The iF fields radiated by two IHD devices were well below the FCC
allowable levels as stated in Volume II, Part 18, Subpart J, regarding ISM
equipment. The radiated levels with respect to the CISPR limits are well
above allowable levels. There did not appear to be a significant dif-
ference in the measured RF levels between the ground and Clark tower data.
There did seem to be a small amount of lobing, both horizontally and ver-
tically. These observations may be due to the near-field effects.

Due to the low levels of RF energy launched by the IHD equipment,
there were no fields measured by the airborne equipment. The measured
noise level in the area of the tests for the airborne tests was approxi-
mately 1000 VV/m in the 425 - 495 kHz range.

When comparing the ground data and the Clark tower data the effects of
the decay factor can be ignored. Since one of the goals of this paper is
to report the difference in the ground measurement and the measurements
made at higher elevation angles, the effects of the decay constant cancel
out.

B. Recommendations.

There are several recommendations that can be made with regard to
future measurements of this type which are listed below.

i. For making future measurements the aircraft should be equipped
with a standard H-field loop antenna and a frequency selective
receiver or spectrum analyzer capable of interfacing with a com-
puter. This will provide the ability to change the measurement
bandwidth rapidly, to optimize the receiver characteristics.

2. When making ground measurements to determine the decay factor,
a large number of points needs to be taken into consideration in
order to evaluate the characteristics of the decay factor.
Additionally, an analytical curve fit should be used to assure
that the best estimate of the decay factor is determined.

3. Before making the airborne measurement, an evaluation of the
ambient noise environment at the measurement frequencies should be
made. This will allow an evaluation of the aircraft generated
noise to determine if it will corrupt the measurement data. The
use of the spectrum analyzer can assist both in location of the
noise and determination of the necessary measurement bandwidth
characteristics to better isolate the signal from the noise.

4. If it is expected that a device is necessary to hoist an antenna
to measure the RF fields over the equipment, it is suggested that
a cherry-picker device similar to that used by utilities for power
line repair be used. The calibrated antenna could be placed on a

-2-
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10 foot pole attached to the cherry-picker bucket and hoisted to

virtually any position in a hemisphere of approximately 60 foot

radius.
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III. GROUND RF MEASUREMENTS

The ground RF measurements were performed as per Federal
Communications Commission's Rules and Regulations, Volume II, Part 18,
Subpart D for Industrial Heaters, dated July 1981. The tests were per-
formed at the Elite Electronic Engineering Company open field test facility
in Waterman, Illinois (EQU/6810 4-3-0). All ground radiated emissions were
measured with an HP 8568 Spectrum Analyzer using an HP 9825 computer as the
controller. This system automatically commands the spectrum analyzer to
perform the measurements, process and print out the data. The IHD unit was
placed on a rotating table with the measurement antenna placed a known
distance from the center of the table. The radiated measurements were then
made at azimuth increments of 20 degrees. All measurements were made with
230 vac. 60 Hz applied to the IHD as input power while heating a water
cooled load in a continuous operation. The radiated measurements were all
made using loop antennas at the fundamental and up to the 10th harmonic.
The frequency of interest for this report is the fundamental because it can
exist as a co-channel interference source for the non-directional beacon
aeronautical service.

The two IHD devices tested will be identified as Machine A and Machine
B which are 3 kW and 15 kW output RF power devices, respectively. Since it
is not the intent of this report to identify the IHD device tested in this
study directly, the units will be referred to as described above.

FCC Rules and Regulations specify that measurements of radiated fields
be related to measurements at a distance of one mile. If field measure-
ments cannot be made at one mile range, then an extrapolation to one mile
can be made based on a measured propagation decay factor. Extrapolation of
an E-field measured at a distance D to an equivalent field at one mile is
given by the following equation:

E- E1 [ 5280 ]-n

where: E2 - equivalent field at one mile in pV/m.

El = measured field at distance D in VV/m.

D - measurement distance in feet.

n - propagation decay factor.

The propagation decay factor at IHD frequencies was measured by trans-
mitting a uniform field from a loop antenna and measuring this field at
various distances from the source using a calibrated loop. The measure-
ments of E-field vs. distance were then plotted and a line drawn through
the points. The slope of this line was taken as the propagation decay fac-
tor. This procedure was used by Elite Electronic Engineering Company
(under subcontract) at Waterman, Illinois, to determine the propagation
decay factor. The propagation decay factor measured at Waterman, Illinois
at 425 kHz was 1.95 (Figure 1) and the decay factor measured at 495 kHz was
2.45 (Figure 2).

-4-
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V AIRBORNE RADIATED FIELD HIASURENENTS

To make the airborne measurements of the radiated fields from machines
A and B a Piper Saratoga aircraft owned by Ohio University was used. This
aircraft was instrumented with an ADF receiver that was calibrated by a
proven method (see Appendix C) [4, 5]. This method involves calibrating a
field calibration unit (FCU) using a calibrated receiver (in this case an
Electrometrics EKC-25 and an ALR-25 H-field loop antenna). Figure 9 is a
calibration plot that was derived from this calibration of the FCU.
Referring to the plot each value in dBm next to each curve was the RF out-
put level of the signal generator used to drive the FCU. Therefore, each
curve represents the RF field produced at each frequency for a given input
signal level from the RF generator driving he FCU.

The aircraft was equipped with an ADF receiver that was modified to
provide AGC voltage as an output. An analog-to-digital converter was used
to accept the AGC voltage and transmit it to a compter on board the
aircraft to record the digitized AGC voltage. Previous to making the RF
measurement flights, the FCU was used to calibrate the ADF receiver in the
aircraft. The results of this calibration are indicated in Figures 10 to
16 which are the curves for 200 kHz to 500 kHz. These plots represent the
correlation between the ADF AGC voltage and the radiated fields received at
the aircraft position during the flight measurements.

The aircraft position was determined during the measurements using a
Loran-C receiver. The output position along with the ADF-measured AGC
voltage were recorded during the flight using the computer data acquisition
system [6]. The aircraft was flown at an altitude of 500 ft. above the IHD
equipment operating on the turntable at the open field site. The aircraft
flew a constant north-south pass over the equipment with the Loran-C
receiver in the aircraft recording the position. The device under test was
rotated by the turntable to the appropriate azimuth for the measurement.
The results of those flights are given in the plots of Figures 17 and 18.
These plots indicate the radiated field strength as a function of the hori-
zontal distance from the IHD unit under test. The plots also indicate the
limits of the FCC and CISPR allowable emissions. The plots of Figure 17
and 18 are essentially plots of the local noise levels in the area at the
time of the measurements. No detectable IHD radiation was observed in the
aircraft during the test. The sensitivity of the ADF receiver used in the
tests is approximately 27 dBpV/m. The results of the airborne tests are
consistent with the measurements made by the Clark tower tests. The maxi-
mum radiated field strength measured by the Clark tower for either Machine
A or B is 202 iV/m at an extrapolated distance of 1000 ft. This field con-
verted to 500 feet (the altitude of the aircraft over the IHD) is 780 UV/m
which is equivalent to 58 dBUV/m. Since the local noise level during the
tests was about the same or slightly higher, the emissions were not detec-
table from the aircraft. The flight measurements were made with the azi-
muth of the IHD device oriented so that the direction of flight was along
the ground-measured lobe of maximum radiation.

-17-
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at higher elevation angles. This indicates that the 15 kW machine produced
more radiati.n in the horizontal direction than in the vertical direction.
The Clark tower measured field strength along the direction of maximum
radiation (300*) was 11.7 vV/m, whereas the ground measurements produced a
field of 30 UV/u. The following table indicates the maximum field strength
values for the two machines compared.

MkCHINE A 3 kW 425 kHz

Ground Clark Tower

1000 ft. @ 1000 ft.'
3400 @ 3400
Elev. Ang. - 0* Elev. Ang. - 740
100 JiV/m 196 uV/m

FCC Limit (1000 ft., decay factor - 1.95) - 257 1JV/m
CISPR Limit (1000 ft., decay factor - 1.95) - 28 UV/m

MACUINE B 15 kW 495 kHz

Ground Clark Tower

1000 ft. 1000 ft.
300 °  3000
Elev. Ang. - 0* Elev. Ang. - 46*
30 UV/m 11.7 UV/m

FCC Limit (1000 ft., decay factor - 2.45) - 589 VV/m
CISPR Limit (1000 ft., decay factor - 2.45) - 3.3 UV/m

- .-
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CLARK TOWER DATA A7IMUTH = 0.0 DEG.
MACHINE B MEAN FREQ. 495.0 KHZ.

SFRF POWER = 15 KW
W - - - -- - " .5

a

. 0,0

o
IA

w.4

o -

aO t.sof 3.0no !%.Sea 1.000 7.S00 9. 000 10.500 12. Ra0
E-FIELIO UV/M

FIGURE 8. MACHINE B CLARK TOWER DATA NORMALIZED TO 1000 FEET
AT 0" AZIMUTH DECAY FACTOR = 2.45.
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CLARK TOWER DATA AZIMUTH 300.0 DEG.
MACHINE B MEAN FREQS = 4 .0 KHZ.

: RF PONEB = 15 KW
.. . . . . -_

to

00

a

0

IL all

N 11. 3. .5 8.00e ".Soo 9.00 10.5"

E-F.TELD UVIH

FIGURE 7. MACHINE B CLARK TOWER DATA NORMALIZED TO 1000 FEET
AT 300" AZIMUTH DECAY FACTOR = 2.45.
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CLABK TOWER DATA AZIMUTH = 24-0.0 DEG.
MACHINE B MEAN FREQ. = 495.0 KHZ.
FIRF POWER = 15 KN
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CLARK TOWER DATA A'IMUTH = B10,0 DEG.
MACHINE A MEAN FREO. 425.0 KHZ.
lBF POWER 3.0 KW

/ - .o..o

o

a

a*

o i i. . 0

0

,,

S -

uo 4

l-lII.D U./M

FIGURE 5. MACHINE A CLARK TOWER DATA NORMALIZED TO 1000 FEETAT 40' AZIMUTH DECAYFACTOR 1.95.
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CLARK TOWER DATA AZIMUTH = 340.0 DEG
MACHINE A MEAN FREQ, 4 25.2 KHZ,
l RF POWER = 3.0 KW

a.

;.

- .

lUI-l - - ,

c;.

s. fo, ,, on ag.o Ac. ago 16o.000 la.clua 210.000 24ao.0o
E-FIEFLO UV/M

FIGURE /4. MACHINE A CLARK TOWER DATA NORMALIZED TO 1000 FEET
AT 340* AZIMUTH DECAY FACTOR =1.95.

-ii



-~~~~~~w mr 77; b a.-... *--- . .

CLIlRK TOWER DATA AZIMUTH = 280.0 DEG.
MACHINE A MEAN FREQ. 4 q25.0 KHZ,
RF POWER = 3.0 KW

N .... - ---_'/s 0
0o . o.o
1i"

S0.0

0

=0

". - --- l.. .

/ /.
>0

IL

Ia

0

O 50

0 -- 4

oI

SI i
a I I Io I

. ,I I , lyo

E-FIELD UY/M
FIGURE 3. MACHINE A CLARK TOWER DATA NORMALIZED TO 1000 FEET

AT 2800 AZIMUTH DECAY FACTOR = 1.95.
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IV. CLARK TOWER RF FIELD MEASUREMENTS

In order to get a better Indication of the RF fields that existed
above the IHD device, a Clark tower was used to hoist a loop antenna to
sense the radiated fields at higher elevation angles. The Clark tower was
positioned to the side of the turntable containing the IHD unit under test.
The center of the tower was positioned 15.75 feet from the center of the
turntable. The Clark tower was extended to a maximum height of 56 feet and
lowered to a minimum height of 16 feet. This provided elevation angles
from approximately 45 degrees to 75 degrees to the horizon.

The loop antenna and spectrum analyzer used for the ground measure-
ments are the same as those used to make the Clark tower measurements.
This equipment was provided by Elite Electronic Engineering Company.

The same equations used to determine the extrapolated field intensity
in the ground measurements were repeated here. Plots of the Clark tower
data are indicated in Figures 3 through 8 in which the fields were plotted
normalized to 1000 feet. These plots indicate the radiated fields from the
IHD unit located at the lover left corner of the plot.

In all of the plots for both Machine A and B the radiated fields
remain within FCC limits of 10 UV/m at one mile even at higher elevation
angles. One interesting observation was that the higher-output-power
Machine B had lower radiated fields than the lower powered Machine A. This
may be due to the additional attention given to the EMI shielding design
for the higher power IHD unit.

To consider the Comite International Special Des Perturbations
Radioelectriques (CISPR) radiated emissions limits, Machine A falls into
the 0.285 to 0.49 Mlz frequency range with a limit of 250 VV/m at a
distance of 100 meters (328 ft.). Machine B, however, falls in the 0.49 to
1.605 MOz frequency range with a limit of 50 iV/m at 100 meter [3]. If the
maximum values of the Machine A Clark tower plots are considered, the
extrapolation of the fields from 1000 ft. to 328 ft. produces a radiated
field of 1780 UV/m at 328 ft. (100 meters). This is significantly greater
than the CISPR limit of 250 pV/m at 100 meters. Machine B, considered in
the same way, evaluates to a radiated field intensity of 177 VV/m at 100
meters. The limit for Machine B is 50 VV/m at 100 meters so it also
exceeds the CISPR radiated emissions limits.

Machine A and Machine B indicate different results when comparing the
fields measured by the Clark tower and the ground tests. The Clark tower
measurements were made along the azimuths determined by the ground tests to
be the maximum radiation directions. The Machine A (the 3 kW IHD device)
data indicated that the Clark tower data at higher elevations produced
about 3 dB more radiation than the measurements made at ground level. This
would tend to indicate that Machine A was radiating more energy upward than
along the horizontal direction.

For Machine B (the 15 kW device) just the opposite was discovered.
The measured fields along the ground were greater than the measured fields

-9-



MACHINE A
(See Figure 1)

Measured E-field at 50 ft.: 43,652 PV/m

Decay factor n1 from line chose by Elite Electronics: 2.45

Decay factor n2 from line chosen by authors: 2.17

E-field extrapolated to one mile using nl: 0.5 uV/m

E-field extrapolated to one mile using n2 : 1.8 vV/m

FCC limit at one mile: 10 PV/m

Ground measurement, azimuth = 340 degrees

MACHINE B
(See Figure 2)

Measured E-field at 50 ft.: 34,674 UV/m

Decay Factor n1 from line chosen by Elite Electronics: 1.95

Decay Factor n2 from line chosen by authors: 1.42

E-field extrapolated to one mile using n: 3.9 UV/m

E-field extrapolated to one mile using n2 : 46 UV/m

FCC limit at one mile: 10 PV/m

Ground measurement, azimuth = 300 degrees

Table 1. Illustration of Effects of Decay Factor Measurement Accuracy.
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Both Figures 1 and 2 use a straight line approximation-to determine

the decay factor, indicating a linear function. The experience of Elite
Electronic Engineering's personnel indicates that the decay factor is
indeed a linear function. The data indicate a possibility that this may be
a non-linear function. However, there is insufficient data to support
either claim fully.

The method used to determine the decay factor in this study is suscep-
tible to error from several sources. The large difference between the
decay factors measured at Waterman, Illinois, may be attributed to several
factors: 1) atmospheric conditions were different for the two measure-
ments, one measurement was taken in the morning following a rain storm, the
relative humidity was high and the ground was wet, while the other measure-
ment was taken later in the day after the weather had cleared; 2) frequen-
cies were different for the two measurements; 3) the selection of the best
way to determine the straight line curve and the selection of a sufficient
number of data points are open for discussion. Other factors such as
equipment placement could also have effects on the measurement. If the
differences were caused by atmospheric conditions, frequency, or other
natural phenomena then the results are valid and the difference truly
exists. Most likely, the difference in the measurements was caused by a
combination of all of the above.

The data in Table 1 are given to illustrate the importance of accurate
decay factor measurement and the criticality of graphically choosing the
best curve fit. Table 1 gives the field strengths extrapolated to one mile
using different interpretations of the best curve fit for the decay factor
measurement. For consistency, all field extrapolations in this report
except those in Table I use the decay factors chosen by Elite Electronic
Engineering Company.

A. Ground RF Test Results.

The results of the ground FCC testing indicated that both Machine A
and Machine B met the allowable emissions limits described in Part 18,
Subpart D for industrial heating devices. The maximum radiated RF field
for Machine B is 3.9 uV/m at an azimuth of 300 degrees. Machine A had a
maximum radiated field at 340 degrees of 0.5 UV/m at one mile. The data
for these devices are given in Appendix A, which includes a plot of the
radiated spectrum and a plot of the radiation pattern for each device.

! -7-
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.APP cIE AGon etDt

A. Machine A Ground Teat Data

C. ADF Calibration Procedure
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ETR 0114
EL TE ELI.-CTRONIC ENGTNFfl'RIN.- GO.

DATA PAGE

FCC PART 1OP INDUSTRIAL IATTNC Fu..TrMrNT
FAC CJRER :
L # Machine A

TESIED : OCTOBCIR 14, 19S3

,t Dis-an,:e.: 50 Ft. Azimuth : 240 degrees
,rections hased on a field decay exponent of 1.95

I, orr Rd,] Ant, 0) i. vt , T otal *Fo t a 3. Li.,i it

fac. corir dBuV/m uV/i u Vi/-n
el T.1 , u V. d jT :-)A m I R. (? lmi].? @ I vJi, i Ie

-------------------------------------------------------

4 23.7 4aJ3 -'3? !.4 1.'? 10.0
09 5.7 58.0 -789 -15.2 0.2 10.0

.12 56,4 --'7 ' 9 -3.4 0 7 10.0
is 0.4 55.2 -7P,9 -23.3 0.1 10.0
72 0.0 49.7 -789 -29.2 0.0 10.0
27 0.2 48.2 -78,9 -30.6 0.0 10.0
131 44) .9 -7,3.9 -29.9 0.0 10.0
36 1.9 45.7 -78.9 -31.4 0.0 10.0
9 2.1 44.7 -7,9 -32.1 0. ) 10.0
44 4.5 43.8 -78.9 -30.6 0.0 10.0

FIGURE A-16.
MACHINE A GROU TEST 2LO DEGREES PZIMUTH
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ETR 1':?04
ELY 1 1E EL- CTRONI iC I.--.NCTNI "I7I 'TN(, M'l,

OATA ;'AIfE

rEST F FCC PART ISD IND(.STRI AI. I- ATIN.G F QIiJf" M'NT
iANIJFACTI )R
i4DEL lo Machine A

)ATE TESTED OCTOEWR 14 ) 1983

resT Distance : 50 fT. Azimituh : 220 degrees

Corrections based on a field decay fxponen'r of .9,,

:r pq , Mtr R M9 An t. Dist . T ot .. r o Tal. L. i,. i.

fac. corr d r to, UV/,/ u V/,
MHz dc0V dT (dB P 1M:L.s F). Itmi3. I i. le

-----------------------------------------------------------

.4.54 22 . -.,_2 60 R -7,'. 9 4,1 1 10.0.
.8508 5.9 58.0 -7(. 9 -150 0.2 10.0

.2761 20.) :53 4 -7-.9 -2.6 0'"7 10.0

.7015 -0.5 55 . -70.9 -24.2 0.1 10. 0
I,~ 90 111 4 9 7 -7 -9 9 0- .O .1) 1 0 0

.5523 0.2 48.2 -78.9 -30.6 0.0 10.0
,9776 1.? 46.9 -7:.9 -30.9 0.( 10.0
.4030 2.2 45 7 -.79 -3J.0 0.0 10.0
.3204 4,8 44.7 -79.9 -29.4 0. 0 10,0

5.0 43.8 -78.9 -30.1 0.o 10.0

FIGURE A-15,

MACHINE A GRUND TEST 220 DEGREES AZIMUTH

- 4 6 -
c h c -. k d
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ETR L:,? 0 4
EL'I 1 C" ELI ; IRON C: r -N('TNF T: N. C: 0

O)ATA ;' AGE_

TEST F FCC PART ISD INDUcT.TTP.. IIL.ATTNGz rQII1 PiiNI
MAN'JFAC, JR ER .
MODEL # Machine A
SIN

DATE TESTED : OCIOBER 14) 19O3

T*s? Distanc. : 50 FT, Azim'uth : 201) deqrvRs
Corrections based on a field decay exponent of 1.9t.

Freq Mtr Rdj Ant. I)ist T. ta . To tal. L i;.I i. T
fac. corr drZuV/M UV/ m V

MHz dBtjV dB d B Q Mil.. D IM1 @ 1 mi. le

S.4242. 24.4 60.:3 -739 6.3 2 1 10. 0.
1.8496 7.1 58.0 -78.9 -13.8 0 .2 100
.2744 2 .3 56.4 .--7. "20.3 0.1 If) 0
.6,992 0.5 55.2 -70.9 -23.2 011 10.0
!.1240 0.4 49. 7 --7,3. 9 -2,9.3 0) 0 .0
!5487 -0.8 40. 2 -7q(.9 -31 .5 0.0 10.0
9735 2.9 46.7 -73. 9 -29 2 0 .u 1010

1.3983 1.8 45.7 -78.9 -31.4 0.0 10.0
1. 13231 2 .1 44.7 -7:3.9 -31 .) 0 () 10.0
.2479 3.9 43.8 -78,7 -31.2 0.0 10.0

FIGURE A-14,

MACHINE A GROUND TEST 200 DEGREES AZIMUTH

-c5hecked 1y
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IETR w
EL:ITi: ELL-:TR ON c FN(' .NLLR.P N( .'

DArA A:-'A(.E

TEST • FCC. PART IOD INDLIO-TRIAI.. HFATING F.-It iFi NI

MANI JiFACTIJl--R :
MODEL * Machine A
S/N

DATE TESTED : OCODFR 14, 1983

Test Distance : 50 Ft, Azimuth : 1(,8 degrees
Corrections based on a field decay Pxponent of 1, 95

FrPq , Mtr ld,] Ant. Dist T ) ti Tot al L 3. i.t

fac. c orr dItuV/m uU/4 i V/r,
MIz dB )U d dd4.& BI P 1,,i. 1.,e. P m i lie @ ii. le

---------------------------------------- -----------------------

1.4243 26. 7 -) . 3 - 7 3. ,) 2,7 10.0
0.8495 6.7 58.0 -78.9 -14,? 0,2 10.0
1 ,274.3 2,2 56.4 273. 24 0 1 10.0
1.6991 -0.4 55 .2 -7. 9 -241 (1.1 100

2 1238 0.1 49, 7 -72,79 -2.9 00 10.00
2.5486 2.3 48.2 -70.9 -. 4 0 .0 0.0 ,9
'974 3.0 41-, 7 -70-20 00 100

3.3982 1.2 45.7 -7,. 9 -3P 0 0 0 10 .0
,3 . 2 2 2.0 44.7 -7:1. 9 -32.2 00 10.0

4 2477 3.2 43., -79 --31.9 0 .0 1010

FIGURE A-13,
MACHINE A GROUND TEST 180 DEGREES AZIMUTH

chePcked by V 9.-2~r~dL
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rr J C . . V.~ - - C - r . C- . Z w... C.-

E: T R S-' 0 4

E L. I I E L - CT i 'N . C I ; ;: ' :o N .; C,;p.
T)., r A CA;

TEST FCC I"ART 18-D :rNDTh,*Tr,..' 1,'. II.ATINr. FrQI.!Ii -i: NT
MANI ;rACTlJR EN?
MOJFL 4 Machine A

DAIE TESIVFD : OC10BER 14, 193

Test DistAn,:. : 50 Pt. Azi.muth : 161) degrses
Corrections ba.sed on a f:ield decay exponen-t of 1 .95

Freq Mtr R dg Ant . ist To 1 al. To Ta. L i.,-i. t
fac . corr dF',V/ tM U /iM UV/.

MI-l 11' d, Ti, dB ib 14 Am-le 14. 1 mi'1.. @ I1;.i i. 1le

) .4245 27.1 60 .,3 --7. 9 9.0 2.8 10 .0.
0.8490 1.6 58.0 -78.9 -.19.3 0.1 10.0
1 2273. 4. 36.4 -70.9 -14 .4 0 10. 0
1.6980 1 .2 b5.2 -78. ,  -2? 5 0.1 10.0
2 .1 '  -1 .3 49.7 -79.9 -29.5 0 10.0
2.5471 0.5 48.2 -78.9 -30,? 0.0 10.0
".9716 1.2 46,? -70 .9 -308 0 .0 10.0
3.3961 1.6 45.7 --70.9 -31.6 010 10.0
3.120 -6 3 .2 44,7 --.7:'39 -.31.0 0. 10.0
4,2451 2.9 43.9 -78.9 -3,.2 0.0 10.0

FIGURE A-12,
MACHINE A GROUND TEST 160 DEGREES AzIMum

rcher ked by: _._._ 4 i

-43-

,.... r ...-. ,..........,........ .......l i iii



ETR SPO-f4
EL'TF ELI (..TRON'i . :,N ' NI :,, N(.; C:fl,

OA.T'A PAPE

TEST FCo PART 18D TND.ISTR:rAI HFATTN( EPUt:rPMFNT
MANIJFACTIJRW.:
MOPrL # : Machine A
SIN

DATE TESIE-D OCIORER 14, 19053

Test DistAnr.e : 50 ft. Azi.m4uth : 140 degrees

Corrections based on a field decay exponpnt of 1 .95

F-req. Mtn- Rd,] Ant. Hi. t. To tal Total L i,.mit

ffac, corr d:UV/M uV/,, uLV/M
Mizr.ft ,18 rI.O dB t. W ile 1 lmil., @ 1.i. le

0 .4,24!- 27.3 60 .13 -723 9 9,2 2.7 10 (0
0.8490 1.4 5l0 -78.9 -19.5 O.1 1010
1.2736 15.4 56.4 -70,9 -6.2 0.1 10.0
1.6981 1.5 55,2 -78.9 -. 2 0.1 10.0
2.1,26 "-01 49.7 -78.9 -29.3 0.0 10.0
2.5471 2.5 48.2 -70.9 -28.2 0.0 10.0
2,971/0 . 44,9 --78. , -2.7 0.0 10.0
3.3?62 2.2 45.7 -78.9 -31.0 0.0 10.0
3.:3207 2.0 44.7 -7,.9 -32.2 0.1) 10.0

4,2452 4,4 43.9 -78,9 -30.7 0.0 10.0

FIGURE A-11.
IMACHINE A GRouND TEST 14/0 DECREES AziimlJH

chprkpd h
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ETR , 04
E ]T.. E.i TE EU~ r, oN I I: rT INr[ I~I TNC' C;U,

GATA PAG;E

TE"*T FCC PAIRT In 1I4DUSTr'TAI IIIAT TNV) 1r(1I.J]IMFN'
MANIJFAC rfIJR ER :
MODFL M Mchine A

DAIE TEFIED : OCTOBER 14, 1903

re;st DisTticp ' SO Fv . A-.x.i.uth -, 120 degrt.o.s

Corrections based on a .f:ield decay exponrit of I .95

'tr 'Rd j Anr, I)i. -T . T "a I. r, t al. i m "
Pac . c or,- d~uV/m, t V/ u V/m

mIuz ,11311V d D 1d . iI. @ IMii'4 e I m i. ie

n,4247 2t7." 60[ . * a 2.7
0.8495 5.1 58.0 -78.9 -15.8 0.2 10.0
1.2742 1.:3 56.4 -7.1 9-6.8 0 2 10 10
1 6990 -0.4 55.2 '-78. 9 -24.1 01 10. 0
1-I237 0 .3 49.7 -79,9 -28.9 0.0 1(.0
2 .5485 3 .0 40,2 -799 -27.7 0. 10.0
2.)7.32 1 ..3 46.9 --7. -30 .7 0 0 10 0
3,3980 1.0 45.7 -7k.9 --32.2 0.0 10.

,.),12p7 3.2 4.4,? -7:3. 9 -31 0 0 .0 10 0
4,2474 3.7 43.8 -78.9 -31.4 0.0 10.0

FIGURE A-1O,
MACHIiNE A GROUND TEST I20 DEGREES AZIMUTH

checked by:_
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ETR ( . 04
EL]1E ELF'c, RON IC C N(FNft i:N( C:O.

DATA P:'AC

TFST : FCC PART lOD INDOSTRIAl. HFATING FQ.lIIPr.NT
MANiUFAC rAJRER .
MODCL * : MachiniA
S/N
DATE TEST-D : OCTO:F 14, 19[;3

T.nt ODitanc : 50 Pt, Aziruth : 100 degrz.?s

Corrections based on a field decay exponernt of 1.95

FreqI . Mtr Rih Ant i. D ist. To't.: Total. Li,iit
fac. corr dE~uV/M, uV/m u V/'-,

MtH Z r(0l1V dO d l P lci i'*]- @ -tmi1 @ I mi.lIe

0, 424 S) 24. 60 .8 --73.9 6.!S 2.'t if 10
0.0490 3.7 580 -70.9 -17.2 0.1 10.0
I 273.F 1.4 56.4 -7:3,9 -6.2 0.!5 10 0

1.L980 0.6 55.2 -78.7 -23.1 0.1 10.0
2!. 1226 -0.4 49.7 -73, 99 76 00 i 0
2.5471 1.1 40.2 -'78.9 -29.6 0.0 10.0
2. 971 1 .0 4. 9 -73.' --31 .0 0, 10. 0
3.3961 2.0 45.7 -78.9 -31.2 0,0 10.0
3 ;320, 2.3 44.7 -713,.9 -.319 0 ,0 10.0
4.2451 3.2 43.9 -783.9 3170.0 10.0

FIGURE A-9.
MACHINE A GROUND TEST 100 DEGREES AZIMUTH

checkedl :):

-40-

•.-.. ..,....:: ,. .-,-...=" .-.,'...-.-.- .:,....-., . ' .'-,-'_'>.,,-.,>':::._: -.-,- -.-._., .-%



rr -E w r~ -" A r m 4--r7.. rrcr. r. - 7. *,7 -- -1- . . .

ETR.04
ELI IF El 1 TRO ; C iNCTNI R T Nr-G; CO.

QI)A ';AGE

TEST : FCC PART 1,.D INDUSTR.TAl H(AlIIN. FGJIJ.PMFNT
MAI4 IFAC I'ilRE;R
MODEL * : MachineA
!3/ N

DATE TESTID : OCJoL:r:R 14, 1903

TT DistAnce : 50 Pt. A'.tmut"h : 30 degrees
Corrections based on a .Ield decay exponen't of 1,95

Frf-. Mrr 11dj Ant. )i.st. Tqt.-l1. roTal. Li miT
fac. c orr dl:uV/m uV/M V/eM

eI,.i&['uV '11.3 ,dO P iMile P lMi. e ii' .i~ile

0.4247 2. 4 40 .., -7. 9 4.3 1 .413.0
0 F495 6. 4 5 .0 -76.9 -14.5 0 .2 1, 0
1.274; ,  14 . 0 F ).4 -7397 -. 6 o 15 i1 0
1 6989 -0 .4 55.2 -78.9 -24.1 0 1 1.0 1
2. 12.36 0 . 49.7 -7,7, 9 --28 .3 0 (1 i 0
2.5484 2. 4 48.2 -78. 9 -. 3 0 0 10 0
2.9751 2.2 44.9 --7, 9 --29:3 0 .0 10 0
3.3978 1.1 45.7 -73.9 -,I 01 0 :10.0
3.8,224 3 5 44.7 -73.7 -30.? 0.0 10.0

4.2473 3.1 43.0 -78,9 -32.0 0.0 1010

FIGURE A-8,
MACHINE A GRcUND TEST 80 DEGREES AZIMUTH

checkemd by:_
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EL:l TF ELFCT I0N] C f 'N.TNrif lji'. (:0,
)ATA PA;E

TEEIT rcr ART 18J) J:NIDUSTR:AI.. II.ATTNG Fpt.:rrM:: NI
MANIJ Ar TI )R Z R
MOIFL * . Machine A
S/N

DATE TESI-D : OrTnprR 14) 1903

rest OiStAnlCe : 5 0 1:T. A'rimith : 6(0 degrp.es

Corrections based on a field de.ray exponent or 1.95

Freq, MTr Rdig Ant, Dist. T o -r..1 r T 'al]. L im.:L -r

fac . corr d r;u V/m u V/ .) u V/,..
M:I z ,i B uV dO d, l 1 im e j. 1Mg P i @ 1,iile

---------------------------------------------------------- -

0.4247 24.4 40 ) -7:3,9 6. 5 2 "1 10 0
0.E493 6,.? 5S.0 -78.9 -14.2 0.2 10.0
1.2741) If.)) 5."/,4 -799 -6 0 :5 10.0
1.6786 1.6 55.2 -78, -22,1 0.1 10.0
2.123.3 --0: 49.7 --73.9 -29.7 0,0 10.0
2.5479 2.1 40.2 -. 7.9 -23.6 0 0 10.0
2. 772f) I . 46.9 .71.92 -30.4 0. 1) 10.0
3.35172 1.5 45.7 -7E:.9 -3 .7 0 0 10.0
.3 .10 12 I .3 44,7 -7,. 9 -72 .4 01 () 10.0
4.2465 2.0 43.8 -73,9 -33.1 0.0 10,0

FIGURE A-7,

MACHINE A GROUND TEST 60 DEGREES PZIvTH
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ETR .204
EIL I1T. EL I.TR T N.; C " R I N( NI"FR. XNC CO

i)ATA ;AGE

: FCC r'ART 11D INDUSTRIAI II'AT1NC I.PtWMF N ,

MANI Ji:AC r; :-:
MOP[L Machimn A
S/N -

DATE TE#TfD : OCTOBER 14) 1903

rest Oistanca : 50 .T Azi;. uth : 411 degr',.s
Corrections based on a field decay expnnent o.? 1,95

F -r6:.r I ,  Mtr 17tig Ant. .0 i. s, - rnt1) tA o tal. Lim;i t

fac. corr dI~uV/m u/ uV/.,

--------------------------------------------------------------------

0 .4;! ;7 .3 60,.9 -73.9 9.2 21'? 10.

0.492 4.9 58.0 -78,9 -16.0 0.2 10.0
t ,1.7 3 3 I G i). 5 6 4 -7 :3},9 .... 6 - 0 1 !- I 0 ) O1

1.6984 0.1 55.2 -78.9 -- 2.6 0.1 10.0
2 1231 -0.4 49.7 -7,:).9 -296 0 .0 10 .0
2.5477 ?. 9 48.2 --70.,9 -2 7 0 0 0 10.0
2.9723 .1.4 446, 9 ..78, 0.9 10.
3.3969 1.6 45,7 9 -.31 6 0 0 10.0
3.11215 2.6 44.7 --78, 9 -'31,:0. 0 10.0
4.2461 3.3 43.8 ....78.9 -31 .01 ( 0 10.0

FIGURE A-61
MACHINE A GROU TEST 140 DEGREES AZIMUTH

-37-



a-.-' , _ _,. .J _ . . .:. - . . --._ . PL . . - ' '= o - ' ' - "- -- - -° - --% o " '- "

E TR 8 '3P0 4
ELI'TE ELI (TRON3IC FNGINr FRI NG. CO.

DATA ;'ArE

TEST FCC PART ISD TNDLIS'TRJAI. 1 IL1:ArNC FQUIrPI:'NT
MANI.)FAC TU:R :
MODEL * MachineA
S, IN
DATE TES'IFD Or.TOF..R 14, 1983

rest Distance : 50 ft. Azi.Muth 210 degrees
Corrections based on a fi1d decay exponent of 1,95

;7-r bq. Mtr Rblrj Ant. Oi. t . rota i. Total. Limit-
fac. corr d1:uV/m uV/m u V/ .;

Ml:ld, d-uV d rl d R IMil @- lmi'.i4 _ 1.i, le

0,4245 213.4 60. : -7RV? 10.3 3.,3 10 1.
0.0489 3.2 58.0 -70.9 -17.7 0,1 10.0
1.2734 13.13 5.', 4 -713 9 -.. 1- 0.4 10. 0
1.6979 11.2 55.2 -78 9 -23 5 0 1 10.0
2.1224 0.2 49.7 --78.7 ? -29, 0 0 .0 10.0
2,5468 1.0 40.2 -789 -29.7 0.0 10.0
2.7713 1 .5 46,9 --7: .0 -,30 . 0. ) 10 .0
3.3958 1.3 45.7 -78.9 -31.9 0.0 10.0
3. 1320 3,6 44.7 -7.'1. -30 .4 0 .1) 10.0
4.2447 4.1 43.9 -78." -3..0 0.0 10.0

FIGURE A-5.
MACHINE A GROaU TEST 20 DEGREES AZIMUTH

checked by:_~...22~-44
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ETR "f?0 4
E L I I E ELf ICTR ( N l C IE NI- Fl i, " -NC; (7.,

TEsr FCC PART lOD INDUSTRIAl I.ATIN( EQtIPMrNT
MqANI 1F-Ar'rl IR::R .
MODEL : MchineA
!3/ N
DAT[- TES'IED : COCTOBEr 14, 1983

sest Oistance : 50 Vr, Azimuth : 0 degri.-4s
* Corrections based on a field decay exponent of I .,5

2 7"rpeq , t ;', R4| 13 Ant. D~is'r, T r -" .1 1. T] o t al] L i-' i t

fac . c o r r dDuV/.m u V.,/ ' u VI
MIz h10isV d D d A ' i i.e . A. I m i Ii'i. le

i- I,4241 29 4 ,a,:1 -719.7 11 .3 3.7 40.0

" 0 .483 2.5 58.0 -78.9 --184 O.1 10.0
t 7"4 15F) :,4 -7,.9 -7.1 0.4 10 .0
I . 6965 1.5 55.2 -78 9 ..... 1 100
2.1207 0.4 49.7 -739 -28.0J 0. 10 .0
2.5448 2.6 40.2 -78.9 ;--213 1 0.0 1010
2. 9689 1. 9 46,' -7, 9 -30.1 0 10 .0
3.3931 1.5 45.8 -78.9 -31.7 00 10.0
.3. 8 17;1 2 44,:3 -71 , 9 -.32. i 0 ,0 1) .0
4,2414 4.8 43.9 -70.9 -30.3 0.0 10.0

FIGURE A-4,
MACH IE A GROUND TEST 0 DEGREES AzipITH

che:kei by:_ 2
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*ETR Sq:'04
EL]TE EL"(;TRONIC EN(,.NITI.'.IF]jN( 70.

DATA :'AGE

TEST : FCC PART 1CD TNDUSTRIA. HEAIING Ei.UIrPMr2N
MANIJFACTIJR:.'R
MODFL : Machine A
S/N
DATE TESTED OCTOBER 14 1902

rest Distance : 50 PT. Azimuth : 261) degrees
Corrections based on a field decay exponpnt ofV 1.95

Fre. Mt R (dg Ant. Dist. Tot.U. Total Liit

fac. corr duV/r, UV/M UV/m
MHz rdTiuV r.t 3 Al Imile P l Fil,. Imi.le

0.4 .7 25. 60,'3 -7:3 9 7.7 2.4 10 I
0.8531 1.0 58.0 -78,9 -19.9 011 10.0
1,2776 19.1 56 .3 -78. 9 -3.5 0.7 I0 0
1.7062 0.5 55.2 -7S.9 -23.2 0.1 10.0
2,1327 -0.5 49.7 -78 .9 -?9.7 0.) 10.0
2 .5593 -0,7 48 1 -78,9 -31.5 0 .0 10.0
; 121,358 1.1 46.:l -78.9 -31.0 0 .( 10 .0
3.4124 1.2 45,7 -78.9 -32.0 0.0 10.0
3 34.3,.9 3.4 44.7 -7:. 9 -30 3 0 .0 10.0
4.2655 3.7 43.8 -70,9 -31.4 0.0 10.0

FIGURE A-17.
M4A-CHINE A GROUND TEST 260 DEGREES AZIMUTH

cherkked by: -.
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ETR C.:04
EL]TE ELFCTRON:IC ENG.NI-FUrNG CO.

OATA .,AGE

TEST FCC PART ISD INDLJSTR.T.AI. HEATTNG E.'IPMrNT
MANI;ACriJRER ;
MODE.L * : Machine A
S/N
DATE TESILD : OCTOBER 14, 1983

,et Distance : 50 Ft. Azimuth : 281) degre es
Corrections based on a fie]d decay exponent of 1.95

Freq. Mtr RIli Ant. Dist. TntAl r ota1. Li' T

fac. corr dBuV/M uV/m uV/MM", i:Z ,tBiV dB dB :P Imile 14 a. mi].-. @ 1mile

--------------------------------------------------------------------

0 o 42'. 2:3.1 6o 8 -7,3.9 10.1) 3.1 100
0.8545 0.0 58.0 -78.9 -20.9 0.1 10.0

" 1,2817 11212 56.3 -78,.9 -3.4 0.7 10.0
170,90 0.4 55.2 -78.9 -23.4 0.1 1010
2. 1362 1.0 49.7 -71.9 -2 .2 0. o 10.0
2.5635 0.3 48.1 -78.9 -30.5 0.0 10.0
".9907 2 4 46.0 -70.2 -29.7 0, 0 1 .0
3.4180 2.1 45.7 -78.5 -31.1 0.0 10.0
3..1452 3. 0 44.7 -73,9 -30.4 0 .0 10.0
4.2725 4.9 43.8 -78.9 -30.2 0,0 10.0

U,

%%

'> FIGURE A-18,
MACHIN A GROUND TEST 280 DEGREES AZIMUTH

_. -d y: 249-/C.gS



ETR "0 4
EL I TE ELF.TRONTC FNr,'rNF'R !N(; C:O,

DATA ;'ArE

TEST FCC PART IOD INDLISTRrAL HrATING FQJTPMFNT
MANI iFAc rI.JR,:
MODrL : Machine A
S/N

DATE TESIED : OC1011CR 14, 1983

rest Distance : 50 Ft. A. uth : 301) degrees
Corrections based on a field decay exponent of 1,95

Freq. Mt P iij Ant. I).st. ToT l roTa i. Li i it
fac. corr dEiuV/M , V/ tU/p

MIII dd dT 1; l1i I 1Milt @ Imi.le

0,424 29 . 60 3 -72.7 111,0 3.5 10.0.
0.8529 2.4 58.0 -73.? -IS 0.1 10.0

1 .794 17. 1 56 .3 -789.9 -5* 5 Oi 10.0
1 .7058 0 .0 55. 2 -78.9 -23.7 0.1 10.0
2 1323 -0 .:3 49.7 -79.9 -31),0 0.0 10. 0
2.5588 0.8 48.1 -70.9 -30.0 0,0 1010
2 9:352 13. 46.: -70.9 - O, 0 10.0
3.4117 2.5 45.7 --7S.9 -30.7 0.0 1010
.3.8301 3.1 44.7 -70.9 -311 0. . 10.0
4.2646 6.1 43.8 -78.9 -29.0 0.0 1010

FIGURE A-19,
MACHINE A GROUND TEST 300 DEGREES AZIMUTH

che ked by:_
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ETR F.204
EL1TE ELrUTRON:, •(' rNGTNFFRINr CO.

DATA :A(E

TEST FCC PART l(1D INDUSIR.AL HEATINP F(QUIPMFNT
MANIIFAC rlJRER :
MODCL * Machine A
S/N
DATE TESTED : OCTOBER 14, 1983

rest Distance : 50 At zituth : 320 degrees

Corrections based on a field decay exponent of 1,95

Freq. Mtr Rdg Ant. Dist. TotaL Total Li,,iit
fac. corr dBuV/m uV/M UV/M

MH I d, '3u V d,'r dB R 1mi Le @ I il(,=.  @ It.i. le

0.426.3 0.7 20.:1 -7.9 11.6 3.0 10.0
0.8526 4.8 5S.0 -78.9 -16.1 0. 1010
1.2789 19. 5 56. 3 -7,.9 -3.1 0.7 10. 0
1.7052 0.3 55.2 -78.9 -23.4 0.1 10.0
2.1315 0.1 47.7 -78.9 -29.1 0.!0 10.0
2.5578 0.8 4S.2 --78.9 -30.0 0.0 10.0
2.9841 1.7 46.8 -7n.9 -. 30.4 0 () 10.0
3.4104 3.1 45.7 -78.9 -30.1 0.0 10.0
3.8367 3.9 44.7 -7:3. 9 -30.3 0 .0 10.0
4,2630 5.6 43.8 -78.9 -29.5 0.0 10.0

I

!

FIGURE A-20.

SIcHINE A GROND TEST 320 DEGREES AzIMUm

-51-



ETR F1204
ELITE EL['CTRON*r(' FNG.I[NFIIR N( CO.

DATA ^AE

TEST : FCC PART 1D INDUSTR AI IFATINP FptI1TI'PMN
MANIJrACTIJRFR
MODEL : 4achine A
S/N
DATE TESTED : OCTOBER 14, 1983

rest Dinance : 50 PFT. Azt.;uth : 340 degres

Corrections based on a field decay exponent af 1.95

Freq. Mir Rdg Ant. Ois'. To t. 1 ro Ta I. Li;. i T
fac. corr dr:&V/M Uv/M uV/m

Mli z dtuV dB dB Pt)iI.. (I 1Mil i. R ImliIe

0.4260 30.0 60 .I -7-.9 11.9 3. 9 10.0
0.8521 7.1 58.0 -78.9 -13.0 0.2 10.0
1 .2731 19.5 56.3 -7,9.9 -3.1 0217 10.0
1,7041 -0.3 55.2 -78.9 -24.0 011 10.0
2.1301 -0.9 4 1 -78.9 --30.1 0. () 10.0
2.5562 0.5 48.2 -78.9 -30.3 0.0 1010
2. 94322 2.3 46.3 -78,9 -29.:3 00 10 .0
3.4082 2.1 45.7 -78.9 -31.1 0.0 10.0
3.8343 1.3 44.7 -7:3,9 -32.9 0.0 10.0
4.2603 5.7 43.8 -78.9 -29.4 00 10.0

FIGURE A-21.
r"ACHINEA GROUND TEST 3t!_ _LEGREES AZIMUTH

-hr2ked by:
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APPENDIX B
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MACHINE B GROUND TEST DATA
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ETR 8203
EL I "C E_- CTROItTC IN'rITN r R T, Cf

DATA PAGE

TEST : FCC PART IOD INDLISTRIAL. IT-ATUN FQUTJIPrirNT
MAkJlFAiCTlJ;l :J a
MODEL * : Machine B
3/N

DATE TESIED : OCTORJFR 14, 19S3

Test Distanc. :.50 Ft. AziMuth : 0 degr,.=.e.s
Corrections based on a field decay exponent of 2,45

Freq. Mvr Rdj Ant. I)ist. T tA I. Total Li '- t
fac. corr d u ViM uV'r, V 1/ m

MHz dfl t ID uII di Dt li B~ Pil @ m' lL

---------------------------------------------------------------

0 .4731 27.3 40. -99,2 -11.7 0.3 10 0
0.9902 5.6 57.4 -99.2 -36,2 0.0 10.0
I 4 83 10. ;2 5 .7 -. 97 .2 -33.2 0. 0 10 .0
1.9804 7.5 54.6 -97.2 -37.1 0.0 Ili
2.4755 0.4 411.4 -99,2 --50.3 0 .0 10 0
2.9706 1.4 46.9 -99.2 -50.9 0.0 10.0
3. 4657 .4 45 .4 -91.2 -51.0 0 , 10 .0
3.9608 0.4 44.4 -99.2 -54.3 0.0 10.01
4.4559 3.4 43 4 -99,.  -52,3 0.0 0 .0
4.9510 1.7 4. 5 -99. -54,9 0 0 10.0

FIGURE B-40
MACHINE B GROU'D TEST 0 DEGREES AZIMUTH

che58ed by:



ETN 02 0
IL. TF EELN TR)N . E- IN F R RI4(; r'.'),

DATA AE1;E

:ST FCC PART I 8D INDUSTR] Al. HFATTN(G 1F- )t.. lPi'IF114

bNIJ-A ITU;R F-R :
IDFL * : Mochine B
N
,TF TES-TrD OCTODIR 14) 17:3

Pest DistAncR. : 50 Fr, Az i utlh 20 degre ms

'orrections based on a field decay .xponent of 2,45

e., Mtr big Ant. Oi.st, Tot4]1. To tal. L ,i t
fac. cor. duV/M uV/ M /(.1

1: l z ,i r jjV d r. 2E %.% R , i L I m; i l @ , i.

.73 2. 7 60. 2 -99 .2 -12 3 0. 10.
'906 6.3 57 .4 -90,2 5 0 0 1 0

85. 4.3 55 ; -97 2 -37.1 .0 1 10,
'812 .3 54.6 -97 2 -36.3 0 .0 10 0
p765 0.7 4f) 4 -9'.2 -5 0 0 00 11) 0
'718 1.8 4 .9 -9 .2 -50 5 0 0 10 0
i)71 2.3 45 .'1 9? 2 -51 " 0 0 10 0
'624 2,4 44.4 .- 99 52.3 0.0 10. 0,77 1.3 4-3.4 -992 "-53' 0 0 10,0

'530 2.2 42.5 -99.2 -54.4 0.0 10.0

FIGURE '3-5.
MACHINE B -ROUN TEST 20 DEGREES AZIMUTH

-59-



L'.1 f I.

0 -4T A A ,G,--.

-:T :FCC PART 1:;D TNDtLK;TRIAL HILATIN[. c.pIIF'MFNT
INHF -rr ,:R :
II)R'L * ' Machine B

I]E TESTFD OCTOBRF.i 14, 1913

R"-T D i. -;,ra n 4- p : A0 Ifr AziM Uth 40 degrr-?,s

,orrecti ons based on a field decay exponent of 2.45

1 . tr R',] An'',To -tL To tal. L i. ii.'t
fac , Corr dj TjuV/m u V'wi ,'

t11 ..d U ,[ rl[ I I BP Imi. I.#a fR 1m: i.? I mri, 1e

I'F5 221 3 1) .2 -9. -17 ? 0.'1 100
p903 2.5 57.4 -99. 2 -39 3 01.0 1(),0

13 7 4 55 ,7 -9 . 2 ...36 f 0.0 0.0
70O6 1.0 54.6 -99.2 -43.6 0.0 1.00
17'3.8 1 .2 43, 4 -91721 -49., 0.0 10.0
'709 1 0 46 9 -. '7. 2 -- i .3 0 10 ,[)

,',1 .4 4. 6 .-99 .2 -:52,; 0 11 0
,b12 2, B 44.4 -99.2 - 5O 035 13,0
1 64 2 .3 47.4 -99.2 -53 4 0 0 10.0
P515 1 4 42.5 --99. 2 -55.2 00 10 0

FIGURE B-6,
MACHINE B GROUND TEST 40 DEGREES AZIMUTH

clipckpdi1):
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'TE' ,-10 3

ELI TE EL- ;TR N0 6 ) ,,:c F Nt-I 1T F N (- C C,
O)ATA ; AGE

',T tFCCr PAPT lCD INDUlT~rAI. IlI"ATTN- FQ.I.PMI-NT
41IJF A I' JRR '
)EL N tMchine B

rF TESTI-D OCTOB.R 14, 19rZ

=t" Dit-lan-. ; 50 Fr, A7 i.mutI 60 deqri.es
)rrections bAsed on a f:ie]d decay exponPnt of 2,45

.q, 14.r" 'R d, Ant , D i. s , Tit tA . ro ta]. L i;mi. t

fac , c orr d~luV/m uv/m u V/f-m
dt-.1)V d T. m 1 ij1.e P lmil. p- mile

60.2 - '29.2 -- 22.5 0. 1 1)0O.
P03 6 6 57 4 -992 -35,2 0 0 10 0

Is .2 5.9.? .99C2 .,2 0 0 1) 0
;06 0 .8 54.6 -9 2 -43, 0 0 10 0

0 :) 40 .4 .2 -49.9 0 ) I0 0
I 3 46.9 -9. 2 -51,0 0 0 10 0
2..S 45.6 -09,2 -51.F 0 ) 10.0

12 1 9 44.4 -7.2 -. = 0 1002-0,-,3 0 .i 1)
.'14 2 43.4 -99 2 -53,7 .I0 0
515 2.0 42.5 -99 2 -54,6 0 0 10 0

FIGURE B-7,
MIACHINE B GRat.D TEST 60 DEGREES AZIMUTH

rher Iprl by:-
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ETR S;:*03
ELITE ELFCTRON]C EGTNFF R INg CO,

DATA PAGE

'T FCC PART 10',D INDIISTRTAI I.IFATTN( EQ.uJIPMINT
IhJFACTI.JRER
)EL # : Machine B

rE TESTED : OCTOBER 14) 1903

.st Distance : 50 FT. Azimuth : 341) degrees
)rrections based on a field decay exponent of 2.45

N-.l Mtr Rdg Ant, .it. rTotali. Total L ii ,i±

fac, corr dBt, V/M ,;V/m V/.m
lz dBIoV dO dE i P miLr.; .. lmil. @ Imile

-- -----------------------------------------------------

9.3 31. 4 60.2 --99.2 -7.6 0-4 11 a.
906 1.3 57.4 -99.2 -40.5 0.0 10.0
359 4. 0 5.57 -99.2 -33. 6 0 0 10. 0
312 5.5 54.6 -.99.1 -39.1 910 1010
763 0.4 433.4 -99.2 -50 3 0 .) 10.0
718 2-3 46.9 -99.2 -50.0 0.0 10.0
S71 1.4 45.6 -79 .2 -52 .2 0. 1) 10.0
625 3.3 44.4 -99.2 -51.4 0.0 1010
578 3. 1 43.4 -99.2 -52.6 0 0 10.0
531 2.2 42.5 -99.2 -54.4 0.0 10.0

FIGURE B-21.
MACHINE B GROUND TEST 3W0 DEGREES AziMUTH

chec-ke1
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ET- ;'.J3
ELI TE ELFCTRONIC FNr'TNI"ER.1NG c,

DATA ;'AC;E

T . FCC PART 18D INDUSTRIA... IFATTNG FP)JTI"1I'iT

.FACTIJRER
L . Mcchine B

E TE'.TED OCTOBER 14, 1903

st DistAnce : 50 F't. A-iju~h : 321) degrees
-rections based on a field decay exponent of' 2.45

1, M' r Rdu An -, Dist. r n tr , 1 r n t al L ,. :t

fac . C O'. dBuV/VM t /VP, m/I
z 1) V d B d r P m ril1. a @ lmilf-- 1-i. le

32.4 60,2 -99.2 -6.6 0 5 10.

03 019 57.4 -99.2 -40,9 0.0 1010
F, IS 55 .7 -99.2 --35,5 0 .o I( 0
06 8.9 54.6 -99.2 -35.7 010 1010
513 -o .5 48.4 -99. 2 -;1.2 00 1 0
09 2.2 46.9 -99.2 -50,1 0.0 1010
61 0.? 4 .6 -99.2 -52.7 0 f 10 0
12 3.2 44.4 -99.2 -51.5 010 10.0
64 0.7 43.4 -99 2 -55. 0 0 .) 10. 0
15 1.4 42,5 -99.2 -5., 2 0.0 10.0

FIGURE B-20,
MACHINE B GROUND TEST 320 DEGREES AZIMUTH

cherksad by:_
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ETR 8203
ELITE ELFCTRON~rC FNGTi!I':wrIN CO,

DATA :"AGE

TEST : FCC PART 18D INDUSTRTAL HEATIN. E@IIrMr.NT
MANUFACTURER
MODEL * : Machine-.B
S/N
DATE TESTFD : OCTOBER 14, 1983

rest Distance : 50 ft. Ati.vath : 300 degrr.es
Corrections based on a fie]d decay exponent o-f 2,45

Freq. Mtr Rti' Ant. Dist, Total Total Li,' j.t
fac, corr d tuV/M UV m UV/M

M"Iz di uV di) T4 4 Pt t .Imile , L ,i. Ie

4952 32 ..6 60.2 -99. -6.4 0 .J 10. 0
.9903 -0.5 57.4 -99.2 -41,3 0.0 10.0
.4855 7.4 55,7 --99.2 -36 0 00 10 .0
.9806 8.6 54.6 -99.2 -36.0 0.0 10.0
.4753 0.5 48.4 -99.2 -F)0.2 0.0 10.0
.9709 0.9 46.9 -99,2 -51.4 0.0 1010
.4661 . 7 4.4 . -99.2 -50 .9 0 0 10.0
.9612 3.6 44.4 -99.2 -5111 0.0 10.0
.4364 1.3 43.4 -99.2 -54 .4 0.0 10.0
.9515 2.2 42.5 -99.2 -54.4 0.0 10.0

FIGURE B-19,
MACHINE B GROUN TEST 300 DEGREES AZIMUTH

chec keai by:
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ETR C,:,03
EL] TF ELL f:T R0N C F-I. NI-FI ING. C ,

OOTA ; A;,E

TFST : FCC PART 18D INDLISTR rI. I:FATTN( .(; ITIMI:Nil
MANI)FAC IJR ER :
MODEL 0 : MVchine B
S/N
DATE TESTED : OCTOBIER 14, 1903

Test Distance : 50 ft. Azimuth : 20l0 degre=.s
Corrections based on a field dP(:aV exponent of 2,45

F-req . M~r Rdq Ant. Oi.s't, T 1)tq. To tal. 1-i i .) i. T

fac. corr dluV/m u V 0" m ,t mT1 ~ 0~o .T I, M 1,, l.6: ,r. I M il : " .- 9 li1 , l~e

1,4952 32 .3 60.. --99. 2 -6.7 0:
).9903 2.4 57.4 -99.2 -39.4 0.0 10.0
I. 4855 5 4.7 55.7 -99.2 -.36.7 0.0 10.0
L.9806 8.5 54.6 -99 ,2 -36.1 0.0 10.0

!..4750 05 48.4 -99.2 --50.2 0 0 10.0

Z.9709 1.5 46.9 -99.2 -50.8 0.0 10.0
3.4661 1.5 45.6 -997 2 -52.1 0 0 10.0
5.9612 2.2 44.4 -99.2 -52.5 0.O 10.0

. 4564 1.7 4-.4 -79 2 -4l4, 0 0 ,0 1,9.0

.9515 4.6 42.5 -99,2 .5.. 0 0. 0 0.0

FIGURE B-18,

MACHINE B GROUN TEST 280 DEGREES AZIMUTH

rhecked y:
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ELITI. EL..[C'.TRfNI. . 
r '. N .TN._I'R IN' CO.

I)ATA PAGE

TEST : FCC PART 11D INDUSTRIAL Hr'ATING EPLT.mrPFNT
MANI FACTIiRER :
MOPEL # I Machine B
S/N
DATE TESTED : OCTOFPR 14, 190

Test Distanc. : 50 ft. Azim uth : 2.61) degrees
Corrections based on a fie]d dkcaV exponent of 2.45

;Tre Mtr Rra Ant. Oit. r o tal. roral. Li'it

fac. corr d~uV/m uV/M u V/m
MHz d ruV dB dO @ lai'l.e ' P i].e @ Imile

n ,495:1 30.2 60.2 -99.2 -8.8 0.4 1) 0.
0.9903 5.2 57.4 -99.2 -36.6 0.0 10.0
I,4 5 6.3 65.7 -99 2 -36,6 .0 ) 10.0

1.9806 8.9 54.6 -99.2 -35.7 0.0 10.0
2.4738 2.0 40.4 -99 1 -48.7 0. ( 1010
2.9709 2.6 46.9 -99.2 -49.7 0.0 10.0
3.46,$I1 1.6 45.6 9. -0 10 0.0 1 . 0
3.9612 4.8 44.4 -99.2 --49.9 010 10.0
4 .4:54 2.2 43.4 -7!. -53,5 011) 10.0
4.9515 1.8 42.5 -99.2 -54,8 0.0 10.0

FIGURE B-17,

MACHINE B GRouND TEST 20 DEGREES AziuTH

c h v .r kP b,' y _ __
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ETR :;2 025
EL:' E ELEcTRONTC ENr.1NE f 7i4Fz no.

DATA ;1AGE

'TEST VF'CC PART 1BD INDUSTRTAL Iff:ATING EQuPM1-NT
MANI )FACTI RER
MOI)EL * : tvchine B
S/N
DATE TESTED : OCTORFR 14) 1983

rest i;T rnce : 50 rFt. Azimuth : 2.40 degres
Corrections based on a field decay exponent of 2,45

Fre.q, Mtr Rfl.' Ant. 0iiT . rotA 1 rotal. Li m i. T
Jac. corr dF'uV/M UV/( uV/r,;

MHI-I. d'.I'V dr d1 P 1iile f. IMile @ m.]i, tie

-----------------------------------------------------------

0. 4953 2:3.7 60.2 -99. 2 -1013 0.3 10 O.
0.9906 8.4 57.4 -99.2 -33.4 0.0 10.0
1.4859 4.4 55.7 -99.2 --39.) 0. 0 10.0
1.9812 6.3 54.6 --99.2 -38.3 0.0 10.0
2,4765 -0.9 4-.4 -97.2 -,51 . 0 . 10.0
2.9718 4.8 46.9 -99.2 -47.5 0.0 10.0
3.4671 7 . 45.4 -99.2 --50 .5 0. 0 10
3.9624 2.2 44.4 -99.2 -52.5 0.0 10.0
4.4377 1 .5 4.3.4 -79.2 -54.2 0.0 1010
4.9530 1.5 42.5 -99.2 -55.1 0.0 10.0

FIGURE 9-26,
MACHINE B GROU TEST 240 DEGREES AZIMUTH

ch.,:ked by.- ..,_ &
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ETR O t03

EL:LTF ELFC TRONC F-N(TNI"FRIN-; CO.
DATA PAGE

.TEST : FCC PART 18D INDLIMTR.TAI. IF'A1INC FQ.U].PiFNT
MANUFACTIJR
MODFL * : Machine
%SIN

DATE TES]I'D : OCTOF-R 14, 1983

Test Distan,:p : 50 lt. Arimuth : 220 degrees
Corrections ba sed on a field decay exponent or: 2.45

'req. Mtr Rdij Ant. Oi.,t . o ti . Fntal L i,. -i. t
fac, cnrr dBuV/M uV/.. uV/(.)

dB')V ,ilf dB P Imile , Imilf R Im ille

0.4953 23. I t )0. -99. 2 -15.9 0. 2 10.0
0.9907 1.2 57.4 -99.2 -40.6 0.0 10.0
1 4:360 5''3 55.7 -99.2 -37.6 0 .0 1(. 0
1.9814 3.6 54.6 -99.2 -41.0 0.0 10.0
2.4767 0.7 4:1 .4 -99.2 -50.0 0 .0 If 0
2.9720 2.6 46.9 -99.2 -49.7 0.0 1. 0
3.4A74 I .3 41.6 -99. 2 -52.3 0 ,0 10.0
3.9627 1.7 44.4 -99. -53.0 0.0 10.0
4.45130 4.4 43.4 -99.2 -.- 1.3 0 .0 10.0
4.9534 1.5 42.5 -99.2 -55.1 0.0 10.0

FIGURE 3-15.
MACHINE B GROUm TEST 220 DEGREES AZIMUTH
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ETR 0'203
FL . iF EL l TRCN.TCN 3 E N(;i NFIrR1NC C(.,

oIrA PAGE

TERT :vCC PART 18D INDULSTRI[AL I:FATING EQLJIPMrNT

MODEL * Machine B
S/N
DATE TESTED OCTOBER 14, 19-13

r.,t Distance : 50 ft. Azimijth : 200-degrees
Corrections based on a field decay expononT of ?,45;

; r eq, . tr Rdq Ant. Di t, To t.-i 1. rotal. L,; i

fac. corr dDuV/m uV/m uk;/
,iiz rlD I I V d P d B' I?. 1mil.R. R Imilo, j 1,mi. le

--------------------------------------------------------------

0 4952 15.8 60 0.-2 -99.2 .... 23.:. 0.1 Ic.o
0.7903 0.7 57.4 -99.2 -41.1 0.0 10.0
1 4855 7.0 55. 7 -99.; -36.4 0 () 10.0
1.9806 0.5 54.6 -99.2 -44.1 0.0 1010

473:3 0.4 48.4 -99.2 -0 ..3 0. 0 10.0
2.9709 1.9 46.9 -99.2 -50.4 0.0 10.0
3.4661 1 .9 45.6 '-9' 2 -52 .7 0 0 10.0
3.9612 1.9 44.4 -99.? -5? ,8 010 10.0
4 4564 1.9 4.3.4 -99.2 -:3 ,3 0.1) 10.0
4.9515 0.7 42.5 -99.2 -55.9 0.0 10.0

FIGURE 3-114.

MACHINE B GRoUND TEST 200 DEGREES AZIMUM

chi.rkl .a; ___I
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ETR S"133
EL]3 F EL-F.CTOrN*C .N(;]N-1!.'.1Ni nf.

DATA : A;E

TEST : FCC PART 18D INDkJSTR*rAI. ilFAT.rNC r.GU'PM1-NT
MANIIFAC iJ:-RR :
MODFL 1 Machine B
SIN

DATE TESTED : OCTODER 14, 1983

Test Distance : 5) ft. Axi.;uth : 130 degr,,ms
Corrections based on a field dpcaVs exponent o, 2.4n

Fran. Mtr Rdq Ant. Oist. Tr i:mL Tokal Limit
fac. corr dk:tJV/M U ,'M/ V uV/ f,

MHz l uV dB d. :i P M ile P. lmili' R l-i. e

---------------------------------------------------------------------

0 .4952 13 .4 60 . .-99 t -25,6 0. 1 1 0.
0,9903 0.2 57.4 -99.2 -41,6 0.0 10.0
I9. 41 55 .1 55 .7 -99.2 -393 0. 0 10.0
1.9807 7.1 54.6 -99.2 -37.5 0.0 10.0
2. 4753l 0.4 4:3 4 -99.2 -0 13 0,0 10 0
2.9710 0.7 46.9 -99.2 -51.6 0.0 10.0
3.44661 1.7 43.6 -91 -1 .9 0 0 10.0
3.9613 2.6 44.4 "'199.2 -52,1 0.0 10.0
4 456:5 1.7 43.4 -99 ! -54.0 0.') 10.0
4.9516 2.2 42.5 -99.2 -54,4 0.0 10.0

FIGURE B-13,
MACHINE B GROUN TEST 180 DEGREES AzzIUTH
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.' .* 1 . . .. . .. . .... j

ETR (V03
EL.IE ELI.""TRON.(C ENTNIr..RrNf. C'.O.

OATA :PAGE

TEST . FCC PART 18D INDUSTRIAL. IIEATINr, FQui-rr,'mNi
HANIIFATII .
MODEL * * MAchinoB
SIN

DATE TESTED : OCTOBER 14, 1903

Test Distanc-e : 50 P . Ar.i.uth l 1-60 degre,'es
Corrections based on a field decay exponent of 2,45

Freq. mtr Isla Ant. D)ist. Total"1 To tal 1 ±i.

fac. corr dJrOV/M uVlm tjv/m
W-. d ioV d[% dE t I il.r. P IMil,-- @ i.ti. le

--------------------------------------------------------------------

0 .4752 21 .7 60.2 -99.2 -17.3 011 I .0.
0.9904 57.4 -99.2 -42.0 0.0 l10.0
1.4836 7.3 55.7 -99.2 -6.1 a. 0 10 0
1.9808 0.9 54.6 -99.2 -43.7 0.0 10.0
2.4760 012 40.4 "-97,2 -50 .5 0 .) 10.0
2.9711 1.2 46.9 -99.2 -51.1 0.0 10.0
3.4663 1 2 45.6 -99.2 --52. 4 0 0 10 0
3.9615 1.0 44.4 -99.2 -53.7 0.0 10.0
4,4567 ,2.1 43.4 -99.2 -53 6 0 0 10.0
4.9519 2.4 42.5 -99.2 -54,2 0.0 10.0

FIGURE B-i2,
MACHINE B GROUND TEST 160 DEGREES AZIMUTH

-6-cherkert 
yr-Jt
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ETR :203
EL ITE EI-17 7ON Nc I.- Nrr1N r CN,

DATA ;AGE

TEST : FCC PART 18D INDUSTRIAl. HrATIN-.: FQi.rMFIINT
MANIIFAC TURER :
MODEL 4 Machine B
S/N
DATE TESTED : OCTOBFR 14, 1783

r.%t Distance : 50 ft. A/iiuth : 141) deqrr..es
Corrections based on a .field decay exponent of 2.4,

':req, Mtr Rdq Ant. Dist. -ro L ro ta'l. L i,,m

fac. corr dBUV/M UV/ V/v,
dttuV d10 m .¢IP Il L . Imi. P i;.ie

0.4?fi2 24. 0 60. -99.2 --14.2 0. ;2 10.0
0.9903 4.0 57.4 -99.2 -37.6 0.0 10.0
1 .4:355 0.3 55 .7 -99.2 -34, 6 0 .0 I) 0
1.9807 0.2 54.6 -99.2 -44.4 0.0 10.0
2 475:3 0 .5 413.4 -99.2 -50. 0 1) 10.0
2.9710 2.3 46.9 -99.2 -50.0 0.0 10.0
3. 4,62 1 i.. 45.6 -99,2 -51 . 2 0 10. 0
3.9613 1.1 44.4 -99.2 -53.6 0.0 10,0
4. 4565 2 ,! 43.4 -9, 2 -53 1 0 0 10.0
4.9517 .22 42.5 -99.2 -54.4 01.0 10.0

FIGURE B-1l,
MACHINE B GRUNDTEST 140 DEGREES AZIMUTH

ch~rkxrIy:

-65-



ELI TF ELF[:TRON t '. rNi;:i.rl' . ; r:,
fAIA i'AGE

TEST : FCC PART 18D INDIISTRTAl HIFATTN. 1I-IT**MrNi
MANIJrACrlI'mR :
MODEL * Machine B
S/N
DATE TESTFD : OCTOBER 14, 1983

Test Distance : 50 Vt. Azi.4uth : 1211 deqr".s
Corrections based on a field decay Pxponpnt o.P ?.45

MTr Rdq Ant. Dist . Tot i 1. ro Tal. Li-, i't
fac . corr d r- -UV/m LlV/m IV/f".

M "1 ,.liv ,tr3 rf t tmi]. e R mil." C lr i Ile

0.4?52 24 6 60.2 -99,2 -12. 4 0 1. 10.0
0.9903 1.6 57.4 -79,2 -40.2 0.0 10.11
t .4835 7.9 55 .7 -99.2 -35. 5 0 .) 10.0
1,9807 0.3 54.6 -99.2 -44.3 0.10 10.0
2.4758 1.4 48. 4 -99.2 -49.3 0 .0 10.0
2.9710 2.9 46.9 --99.2 -49.4 0.0 10.0
3. 4662 0.4 45 .6 -99.2 -55. 0 01 0 10.0

- 3.9614 0.8 44.4 -99.2 -5319 0.0 10.0
4. 45.1 3 .2 4.3.4 -99.2 -52..9 0.0 10 0
4.9517 0.8 42.5 -99.2 -55.0 0.0 10.0

FIGURE B-10.
MACHINE.B GROUND TEST 120 DEGREES AziMuTH

7rkPd
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ETR ' ;'03
EL ill .El;UTRON Ei,..:rNll-i i:r ,n

l- OIATA ',>AI;E

TEST : FCC PART IBD INDLISTR.TAI I - N G Ff Gi TrMFNT
MANIIrACTIIRF : MochineB
MODFL *
3/N

DATE TESTED : Or'TnflFR 14) 1913

Test Distance : 51) Ft. Azimuth : 11)0 degr'ees
Corpections based on a rield decay exponnt of 2.,4 ,

Freq. Mtr RdI'j Ant, D".1 iotal, rotaL L ,,,
fac . C 0rr dr:LV/m uV/m u V,,r.

PH 17 d~r.sjV ,(i. ,j r P 1Ii1.il [r lmilR . 1 ;. i.

0 ,49F,2, 26. 0.' -92 69 2 -1., 0 .,2 10.0
- 0.9904 0.4 57.4 -99 .2 -41.4 0,0 1010

I 1 4,-93 5 8I) -0) . 7 .. -' ;! -35, 4 0, () 1 1 0
* 1.9807 0.4 54.6 -99.2 -44.2 0.0 1 a

2 . 47.9 1.4 4: 4 -.2r -49.3 0,0 10.0
, ,.711 2.0 46.9 -99,2 -50.3 r' 0 10.0

3 F) 45,6 --'9? 5I 0.1) 100
* 3.9614 1.8 44.4 -99.2 --529 0.0 10.0
" 444566 1 6 41.4 -99.2 -541 a,) 100
• 4,9518 2.0 42. 5 -99.2, -54,6 0.0 10.0

FIGURE 3-9.
-" MACHINE B GRouND TEST 100 DEGREES AZIMUTH

-63-



ETR f:"3
EL: I FI LI C: T R 'Ni F; i- *N I' F 1 N 11 C ,

I;AFA ;'AGE

TEST roc I"ART I[;D INDIL rRTAI. I-II:ATING r.IIr'MFNT
MfANI );'Ai. j, ;,? :

MODEL 4 : MuchineB

DATE TESIID : OCTODEFR 14, lc"r,*

re',t DLsAnc. : 0 pT, Azi.*ith B 0 degr. .s

Corrections based on a field decay exponpnt ofr 2,4,

Frpq. Mtr lrg An1" T Dist 1" 0 -" )] i. "1o "Tal1 L i,, i. t

fac , cors dr uV/m uV/m U VM
- Mi~z tj1 T3 I).t V~ d~. V2 dMr.

0.494? 22, 7 6 0.2 --99.2 -16.3 0. 1. .0.

* 0.9993 2.4 57.4 --99.2 --,.9.4 0.0 10,0
,84 12.4 .0 ! 5 .557 ...99. -23.4 0 .1 1) 0

I .778 7 0 2 54.6 --99.2 -44,4 010 10.0

2,4733 ) .3 40.4 ..9.. 72 --0 .4 0 ,f I0 0

2.9680 2.9 46.9 -99.2 -49.4 0.0 10.0
.34627 2. t 45., -99.2 .51:5 0.0 10.0

3.9573 1.9 44.4 --99.2 -52.8 010 10-1
.4.4S;O 1 3 43,4 -99 .2 -54.2 0. ) 10.0

- 4,9467 1.3 42.6 --99.2 -55.3 0.0 1010

FIGURE
MACHINE B GROUND TEST 80 DEGREES AZIMUTH

4

ch er:ke' I : : . - _
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ADF CALIBRATION PROCEDURE
August 16, 1983

by

William Drury
Avionics Engineering Center

Ohio University
Athens, Ohio 45701
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PURPOSE

The reason for calibrating the ADF receiver AGC voltage versus signal
strength is so that unknown signal levels can be determined by correlating
the receiver AGC voltage to the calibrated field strength. This calibra-
tion procedure was developed for the King KR-86 ADF receiver installed in
the Avionics Engineering Center's Piper Saratoga N8238C. The calibration
procedure is based on the material presented in reference 1.

EQUIPMENT

' Airplane - Avionics Engineering Center's N8238C
Signal Generator - Wavetek 3000 O.U. no. 1298
Field Calibration Unit
SL-802-A Remote Serial 1/O Device (SLP)
Heath 189 Computer

. ADF Receiver - King KR-86 O.U. no. 1479 (modified to permit disabling
of the automatic search and an AGC voltage tap added)

Software:
SL: Device Driver
Forth Nucleus
ADFCAL Forth

Cables:
RS232 Data Cable
50 ohm coaxial, type N connect6r to BNC connector AC power cord -

at least three outlets

SETUP

The FCU must be placed such that the loop antenna of the FCU is one
meter from the center of the ADF receiver loop antenna and so that the cen-
ters of the two antenna are at the same height. Also, the FCU loop antenna
must be oriented for maximum coupling by placing the FCU in a position so
that the plane of the loop is perpendicular to a line from the ADF receiver
loop antenna to the FCU. All other equipment is to be placed in any con-
venient location within the limits of the cable lengths.

CONNECTIONS

SIGNAL GENERATOR to FCU:

The requirement is for a 50 ohm coaxial cable type N connector to BNC
connector. The cable used is a five foot long RG-58 coaxial cable with BNC
connectors on each end and a BNC to type N adapter used for connection to
the signal generator.

The cable runs from the "RF OUT" connection of the signal generator to
the "EXT IN" connection of the FCU.

-78-



SLP to B89:

The male end of the RS232 cable connects to port 320 of the H89 com-
puter and the female end of the cable to the male HOST port of the SLP.
The Transmit Pin Select switch for the HOST port of the SLP should be in
the "XHIT 2" position. The Baud rate of the SLP is to be set to 9600 and
the unit select character to a CNTL-V (0001 0110), where 0 means closed and
1 means open. The Baud rate end unit select character are both set via
DIP switches on the back of the SLP.

ADF RECEIVER to SLP:

The two wires protruding through the front of the KR-86 (the AGC
voltage tap) are to be connected to the channel 0 analog input of the SLP.
The blue wire (AGC voltage) is connected to pin 1 of the analog I/0 connec-
tor and the black wire (ground) connected to one of the ground pins of the
analog I/0 connector (pins 20-28).

PROCEDURE

With the equipment properly set up as described in the previous sec-
tion, perform the following steps.

1) Set the ADF receiver to the desired test frequency with the mode
switch to ADF and the added switch (located between the mode
switch and the volume knob) in the up position. Turn the ADF
receiver on and set the volume to any desired level.

2) Turn on the signal generator, set the output frequency to the
desired test frequency, and set the RF output level to the desired
signal level. A sample of suggested output levels is shown on the
ADF CALIBRATION form in figure 1.

3) Find the position of the maximum signal by rotating the goniometer
in small steps and reading the receiver AGC voltage (maximum AGC
voltage corresponds to maximum received signal in the KR-86). The
goniometer is rotated in small steps by momentarily depressing the
test button with the added switch in the up position and then
releasing the test button and putting the added switch in the down
position to disable the receiver's ability to search for the null
field. The AGC voltage is read on the H89 computer using the
ADFCAL Forth.

The maximum AGC voltage should occur when the pointer of the KR-86
is in the direction of the FCU (relative to the location of the
receiver's loop antenna). Note that the test button must be
released to read the AGC voltage properly.

4) Record the AGC voltage at its maximum level on the ADF calibration
form.
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3) Repeat steps 1-4 for each signal level desired.

6) Repeat steps 1-5 for each frequency desired.
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***ADF CALIBRATION***

DATE: OPERATOR:
LOCATION:

SIGNAL GENERATOR SETTING E FIELD Jj AGC VOLTAGE
frequency RF level (dB above
(kHz) (DBH) 1 V/M) VOM SLP

300 +7 79.0

300 +3 74.0

300 -3 69.0

300 -7 63.0

300 -13 57.0

300 -17 52.5

300 -23 47.0

300 -27 42.5

300 -33 37.0

300 -37 34.0

300 -43 27.6

300 -47 22.8

Figure 1
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